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DBWITT, NESTLER ANDDERBY 1.8%, a level of 0.5% phosphorus was insufficient but 0.75% was adequate. Miller and Bearse ( '34) were convinced that egg production is definitely affected by the quantity of phos phorus in the diet. They obtained their highest production with 0.80%, and found that 2.25% of calcium was adequate. According to Titus et al. ('37) , pullets and hens differ in cal cium requirements, and a high level of calcium, such as 5.4%, adversely affects hatchability. In disagreement with Miller and Bearse, these workers concluded that the level of phos phorus intake had no effect on egg production.
There is no report in the literature of work conducted on the calcium and phosphorus requirements of breeding gamebirds. Inasmuch as the bobwhite quail (Colinus rirginianus) is one of the most popular gallinaceous upland gamebirds in the Eastern United States, an investigation was started with this species at the Patuxent Research Refuge, Laurel, Mary land, to determine its requirements for optimum reproduction. In these studies the effects of varying dietary levels of the two minerals, and of variations in the ratios between the two, have been determined.
EXPERIMENTAL
During the breeding seasons of 1946, 1947 and 1948 , paired adult quail housed in individual breeding compartments were divided into groups of from 12 to 16 pairs each. Each group received a diet designed to meet the known requirements of breeding quail for protein, fat, fiber, total energy, and the various fat-and water-soluble vitamins. The diets differed in the percentages of phosphorus present, and in the Ca/P ratios. In the first series of tests (1946) , each of the 6 diets studied contained 0.75% phosphorus, while the Ca/P ratios were 1:1, 1.69:1,2.31:1,3.1:1,3.79:1, and 4.48:1. The same 6 Ca/P ratios were used in the second series (1947) , but the phosphorus level of all diets in this series was 1.00%. In the third series (1948), the Ca/P ratio in each of the three diets was 2.33:1, with phosphorus levels of 0.75, 1.0, and 1.25%, respectively. The composition of the diets is presented in table 1.
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Records were kept of the body weights of the birds, food consumption, egg production, fertility and hatchability. Eggs were collected three times per week and stored in a cooling shed before being incubated. No eggs were kept over two weeks before being incubated.
During the periods June 9 to 14 and July 13 to 19, 1946, all eggs were saved for chemical analysis to determine the effects of dietary variations on the calcium and phosphorus contents of the shells, shell membranes, and yolks and whites.
The results of these studies are shown in tables 2 and 3. Inasmuch as there may have been some slight differences in the genetic backgrounds of the birds, or in the management technics employed in different years, it appears inadvisable to make direct comparisons between results obtained in different seasons.
Mortality
The highest mortality rate (4.2%) occurred on the diets having the highest calcium content. However, there did not appear to be any dietary effect and the mortality rate did not appear abnormal.
Live weights
The body weights of the birds were apparently unaffected by the Ca/P ratios, or by the levels of calcium and phosphorus in the diets. The observed changes in weight were normal for breeders.
Feed consumption
The consumption of food increased directly with the increase of calcium in the diet. Exceptions to this statement may be noted in the cases of diets 48-2 and 48-3.
Egg production
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Eggshell condition
In each of the first two years the percentage of defective shells (cracked, checked, rough or abnormal) was greatest on diets containing a Ca/P ratio of 1:1. The differences were less marked when the diets contained 1.00% of phosphorus.
Egg fertility
Fertility was unaffected by the Ca/P ratio, or by the levels of calcium and phosphorus in the diets.
Egg hatchability
The highest hatchability occurred on the ratios of 2.3:1 and 3:1, when the phosphorus level of the diet was 0.75%. On diets containing 1.00% phosphorus the highest hatchability occurred on the Ca/P ratio of 1:1. However, there wyere no significant differences in any of the experiments.
Calcium and phosphorus content of eggs
The results of chemical analyses on eggs collected during the weeks of June 9 to 14 and July 13 to 19, 1946 , are presented in table 3. The average calcium content of the yolk and white of all eggs, regardless of the diet, was 0.27%, or 0.02 gm per egg, and that of the shell and shell membrane was 29.17%, or 0.94 gm, making the calcium content of an entire egg weighing approximately 9.0 gm, 10.7%, or about 1.00 gm.
Neither the Ca/P ratio of the diet nor the period of the season during which the eggs were laid had any significant effect on the calcium content of the yolks and whites. During the early part of the laying season the Ca/P ratio of the diet had only a slight effect on the percentage of calcium in the shell and shell membrane, but a significant effect was noted later in the season. The calcium content of the shells from birds on the 1:1 ratio dropped 40.0%, and that of the shells from birds on the 4.33:1 ratio increased 6.0%.
The average phosphorus content of the yolk and white of all the eggs was 0.50% and that of the shell and shell membranes, 0.26%, or 0.008 gm, making the total phosphorus content of the egg approximately 0.05 gm.
During the week of June 9 the phosphorus content of the eggs was unaffected by the variations in the calcium content of the diet. However, during the week of July 13 the phosphorus content of the yolks and whites was double that of the previous period, but apparently was unaffected by the level of dietary calcium. There was a reverse correlation between the phos phorus content of shells and shell membranes collected during the later period and the level of dietary calcium. When the DEWITT, NESTLEBANDDERBY Ca/P ratio in the diet was either 1:1,1.67:1, or 2.3:1, the phos phorus content of the shells and shell membranes was signifi cantly higher in July than in June, whereas when the ratio was greater than 3:1 the reverse situation was noted.
DISCUSSION
As a result of their studies with chickens, Titus and associ ates ( '37) developed an equation for estimating the percentage of calcium required in the diet for any given rate of egg pro duction. This equation, modified for bobwhite quail, is ex pressed as follows : â€ž _ 1.292 (PF â€"5.0 E) -i-100 E F~Â» in which Ca = the required percentage of calcium in the diet ; 1.292 = the ratio of calcium to phosphate in di-calcium phos phate, the form in which phosphorus appears in the diet ; P = the percentage of phosphorus in the diet ; F = the number of grams of feed consumed by a laying quail during the year (approximately 5475 gm) ; 5.0 = 100 times the quantity of phosphorus (0.05 gm) in the average egg; E = the number of eggs produced in one year (for quail in captivity, an average of 60 eggs) ; and 100 = 100 times the quantity of calcium (1.00 gm) in an average egg.
With the phosphorus level at 0.75%, the optimum level of calcium in the diet should be 2.0% according to this equation.
The actual levels of calcium tested which were nearest this quantity were 1.8 and 2.3%. The highest egg production oc curred on the 1.8% level (Ca/P ratio of 2.33:1), but the differ ence between it and production on the 2.3% level was not statistically significant. Similarly, the highest hatchability of eggs occurred on these two levels.
With the phosphorus level at 1.00%, the optimum level of calcium in the diet should be 2.32% according to the equation. In the second experiment the highest egg production occurred on the calcium level of 2.33%. Therefore, in the first two ex periments at least, the actual results tend to agree with the calculated value for the optimum level of dietary calcium when the phosphorus is maintained at either 0.75 or 1.00%.
Branion ( '38 ; see also Ewing, '41) was skeptical of the worth of the equation on the ground that it does not make full allow ance for variations in the rate of production or size of egg. Inasmuch as any such formula is based upon the flock average, its use for incorporating a fixed quantity of mineral into a diet will cause high-producing hens to be underfed and low pro ducers, overfed. While Branion's objection probably is valid for chickens whose range in production and egg size may be great, it should not be very important in the case of quail. The latter lay eggs that vary little in weight and seldom num ber more than 100 per breeding season for birds in captivity.
From these data it would appear that the calcium and phos phorus requirements of breeding quail may be supplied by diets containing 0.75% phosphorus and 1.8% calcium (Ca/P ratio of 2.33:1). No significant change in the condition of the breeders, egg production, fertility, hatchability, or survival of offspring during the first 5 days after hatching resulted when the phosphorus level in the diet was increased. The ratio of calcium to phosphorus appears quite important in diets con taining 0.75% phosphorus, but the effects of changes in the Ca/P ratio are less marked when the experimental diets con tain 1.00% phosphorus.
However, observations made in the course of other studies during the winter of 1948-49 indicate that the criteria used in the evaluation of results may have been inadequate. All chicks hatched during the 1948 season were reared on a normal diet, and were divided into groups of 20 birds each on November 1. Distribution into groups was on the basis of the summer diets of the parents of the experimental birds, in that the parents of approximately one-third of the birds in each group had been fed diet 48-1 (0.75% phosphorus); the parents of an equal number had received diet 48-2; while the parents of the re maining birds had received diet 48-3. The diets fed during the winter supplied adequate amounts of protein, fat, carbohydrate and minerals, but varied in their contents of vitamin A, vitamin K, and the various members of the vitamin B complex. The only known differences among the experimental birds were the dietary backgrounds of the parents. It was found that 23.6% of the chicks from parents fed diet 48-1 (0.75% phos phorus, 1.76% calcium) died during the 20-week experimental period, and that the mortality rates from diets 48-2 and 48-3 were 13.3% and 8.5%, respectively. On autopsy, blood clots were found in the viscera or brain of 27% of the birds from parents fed diet 48-1, in 17% of the birds from diet 48-2, and in 15% of the birds from diet 48-3.
Presumably, these differences in the winter mortality rates of the young birds may have resulted from the differences in the diets fed the parents during the breeding season. If this is the case, it may be concluded that while a diet containing 0.75% phosphorus and 1.8% calcium is adequate to permit re production at a normal rate, it is inadequate to insure survival of the offspring during the winter months. As judged by the criteria of the survival and weight maintenance of the parent birds, by egg production, fertility, hatchability and survival of the offspring, it appears that breeding bobwhite quail require diets furnishing approximately 1.00% phosphorus and 2.3% calcium.
SUMMARY
In the course of studies designed to determine the calcium and phosphorus requirements of breeding bobwhite quail, it was found that best results were obtained when the Ca/P ratio in the diet was approximately 2.3:1. Variations in the Ca/P ratio produced significant differences in results when the level of phosphorus in the diet was 0.75%, but the differences were less marked when the level of phosphorus was increased to 1.00%.
Although diets containing 0.75% phosphorus and 1.8% cal cium appeared adequate for reproduction, as judged by the criteria of the maintenance of satisfactory condition in the breeders, egg production, fertility, hatchability and survival
